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(54) Heat exchanger 

(57) A heat exchanger is disclosed, which comprises a plurality of heat-transfer elements (1) placed side by side each of 
S^mnJtlLTJ^^ through-hole (13) and which are cyclically bent In a generally trapezoidal waveform the 

^TT^^Z Sh^.^"^^ ''""^J'" the direction ot the flow (A) of a fluid. The bends in one heat-transfer element (1) are 
!^H fi.^ ^r^ an adjacent heat-transfer element (1) by one half cycle in such a manner that the main s earn of 

sa,d fluid will flow not through the holes in each of said heat-transfer elements (1 ) but through the passage f oTSed bJ 
adjacent heat-transier elements (1 ). The dimensions "L" and are such that l/L is not more than 0 3 
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2220259 

SPECIFICATION 



TITLE OP THE INVENTION 
HEAT EXCHANGER 



transfer fin. 



The prior art of 
^ . ^ ^^^^^ present invention is 

hereinafter describ«<4 

«f...„c. to th. sp.ciJt=atlo„ 
Of J.p.n„. p.te„t Appuction Ho. 264087/1984. 

Fl,. as i. . p„,,.^ p.r,p.ctiv, a heat- 

ran.*., unit .ccocain, to on. 
th.t i. ,.„.r.Uy ,„aic.t.d by. ,1, .„a .i.po.., 
«x«tlo„ o* «ow A. ...t-tr.„,.„ ,3 

""icily ccpc... o, h..t-t..„«„ . 
9.n.r.tor. . h..t ab.o.b.r. . h..t .ocu«„lator a„a a heat 
»<.i.tor. xn Pi,. „, h..t-tr.„e., unit consists ot 

' Plurality of b.at-tra„.f ,,,, 
..ch b.i„, p,„ia.d „itb a pl„„iuy ot throu,h-hoIes 
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(13), which are stacked one on top another and the fluid 
flows through the passage formed by adjacent heat- 
transfer elements. Each heat-transfer element (1) is 
cyclically bent (corrugated in a regular repeating 
pattern) in the direction of fluid flow A in the form of 
trapezoidal waves ^ the bends in one element being out of 
phase with those in an adjacent element. The action of 
the mechanism of the heat-transfer unit shown in Fig. 25 
is hereinafter explained with reference to Fig. 26 which 
is a cross-sectional view of the unit. 

In Fig. 26, the fluid passage formed between heat- 
transfer elements (la) and (lb) are indicated by (51), 
and the passage formed between (lb) and (Ic) is denoted 
by (52), If it is assumed that the same voltame of fluid 
flows in passages (51) and (52) under the same total 
pressure, the velocity of the fluid flowing in passage 
(51) through a cross section taken along the line x - x 
normal to the direction of fluid path A is small than the 
velocity of the fluid flowing in passage (52) through a 
smaller cross section that is also taken along the line x 
- X. Because of the resulting different that occurs 
between the static pressure in the passage (51) and that 
in the passage (52), part of the fluid will flow from the 
passage (51) into the passage (52) through-holes (13). 

If one looks at the heatrtransfer element (lb), 
the fluid will flow cyclically from the passage (51) to 
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(52) and vice versa in accordance with the" geometry of the 
generally trapezoidal waveform of the element, as shown in 
Fig. 2. 

Therefore, if a heat-transfer unit is constructed 
in the manner described above in connection with an 
example of the prior art, surfaces where uniform fluid 
sucking occurs and those where uniform fluid-blowing 
occurs will be formed, one surface alternating with the 
other in the direction of fluid path. m ^he heat- 
transfer surfaces where uniform fluid-sucking occurs, very 
thin boundary layers will form to provide a remarkable 
improvement in heat-transfer, whereas in the surfaces 
where uniform fluid-blowing occurs, the repetition effect 
of promotion zones also contributes to high heat-transfer 
performance. These two effects combine together to 
promote heat-transfer to a dramatically high level that 
has theretofore been considered to be unattainable. 

Furthermore, in the example shown above, the main 
stream of fluid A flows along each of the heat-transfer 
elements (1), producing only a small amount of branch 
stream that passes through-holes (13). 

In other words, in one cycle of bends in each 
heat-transfer element (1), most of the fluid will flow 
along one surface of its passage and only a limited 
portion of the fluid will flow into an adjacent passage 
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through holes (13), As a result, the main stream of the 
fluid will flow undeflected along each heat-transfe 
element . 

The same action of mechanism will occur in the 
next cycle of bends in each heat-transfer element. 

With the heat-transfer unit described above, it is 
anticipated than an optimum configuration will exist for 
the heat-transfer elements because the heat-transfer 
characteristics of the unit will vary depending upon 
various shapes parsimeters associated with the elements 
such as the ratio of passage (51) to adjacent passage 
(52) in terms of the area of cross section taken along 
the line X - X, the diameter of through-hole (13), their 
relative opening, and the periodicity of cyclic 
trapezoidal bends. 

The present invention is the result of intensive 
studies conducted with a view to materializing the 
concept and features of the prior art in the most 
effective way, and in accordance with the present 
invention there is provided a heat exchanger comprising a 
plurality of heat-transfer elements positioned in a 
spaced side-by-side relationship and defining 
therebetween passages in which fluid flows in use, each 
element having therein a plurality of through holes and 
each element being cyclically bent in a trapezoidal 
waveform, the corrugations of each element extending in a 
direction perpendicular to the intended direction of 
fluid flow in said passages and adjacent elements being 
arranged with their corrugations out of phase by one half 
cycle, so that the passages defined between the elements 
have, in the direction of fluid flow, adjacent wide and 
narrow portions whereby in use the main stream of fluid 
flows in said passages and not through said holes, the 
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value of t \L being no more than 0.3, i being the 
projected length of a heat-transfer element in the area 
corresponding to one half cycle of a series of 
trapezoidal bends, the projection being made normal to 
the direction of the fluid path, and L being the length 
of each heat-transfer element. 

In the accompanying drawings : - 

Fig. 1 is a partial cross-sectional perspective 
view showing a heat-transfer unit according to a first 
embodiment of the present invention; 

Fig. 2 is a characteristic graph showing the 
relative promotion of heat-transfer that can be achieved 
in the first embodiment; 

Fig. 3 is a partial cross-sectional view of an 
arrangement in which the heat-transfer element of Fig. i 
is an arrangement in which the heat-transfer unit; 

Fig. 4 is a partial cross-sectional view showing a 
heat-transfer unit according to a second embodiment of 
the .present invention; 

Fig. 5 is a characteristic graph 



<IS0OCID: <GB 2220259A_I_> 



• m 

6 



showing the relative promotion of heat-transfer that can 
be achieved in the second embodiment; Fig. 6 is a 
longitudinal section of a heat-transfer unit according to 
a third embodiment of the present invention; Fig. 7 is a 
characteristic graph showing the relative promotion of 
heat-transfer that can be achieved in the third 
embodiment; Fig. 8 is a partial cutaway view of a heat- 
transfer unit according to a fourth embodiment of the 
present invention; Fig. 9 Is a characteristic graph 
showing the relative promotion of heat-transfer that can 
be achieved by a heat-transfer unit according to a fifth 
embodiment of the present invention; Fig. 10 is a 
perspective view of a plate fin tube type heat exchanger; 
Fig. 11 is a perspective view showing the essential part 
of this heat exchanger; Pig. 12 is a plan view of a heat- 
transfer unit according to a sixth embodiment of the 
present invention; Fig. 13 is a cross section of Fig. 12 
taken along the line Y - Y; Fig. 14 is a cross-sectional 
view of an arrangement in which a plurality of fin 
substrates of the type shown in Fig. 12 are stacked one on 
another; Figs. 15 and 16 are each a characteristic graph 
showing the ratio of outside-tube heat-transfer 
coefficient to wind pressure loss for the sixth 
embodiment; Fig. 17 is an illustration of the relative 
opening of through-holes; Figs. 18 to 22 are 
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characteristic graphs showing the ratio of outside-tube 
heat-transfer coefficient to wind pressure loss as 
related to four different parameters; Fig. 23 is a 
drawing illustrating the effect of the angle of 
inclination of oblique surfaces in a fin substrate; Fig 
24 is a cross section of Fig. 23 taken along the line w > 
W; Pig. 25 is a perspective view showing a prior art ' 
heat-transfer unit; and Fig. 26 is a. cross section of 
Pig. 25 taken along the line x - x. 

Referring to the drawings. Fig. i is a cross- 
sectional View showing the geometry of a heat-transfer 
unit according to a first embodiment of the present 
invention which is shown at an enlarged scale compared 
with Fig. 26 depicting a prior art heat-transfer unit 
In the figure, (1) is a heat-transfer element that is 
disposed parallel to the direction of fluid flow A and 
which is provided with a plurality of through-holes (13) 
The heat-transfer element (l) is cyclically bent in the 
direction of fluid flow a in the form of trapezoidal 
waves, ana a plurality of such heat-transfer elements are 
placed side by side in such a manner that the bends in 
one element are out of phase with those in an adjacent 
element by one half cycle so as to form a 
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fluid passage (5) between individual heat- transfer 
elements. The main stream of the fluid flows through this 
passage (5), with only a small portion of the fluid 
flowing through the holes (13) as a branch stream. 

For the purpose of the following discussion/ the 
projected length of the heat-transfer surface of the heat- 
transfer element (1) which is in the area corresponding to 
one half cycle of a series of trapezoidal bends formed in 
the direction of fluid .flow (the projection being made 
normal to. the direction of fluid path) is written as 
and the overall length of the heat-transfer element is 
written as L. In addition, the wijith of the larger 
portion of the fluid passage is written as Ai, and that of 
the smaller portion of the same passage as A2. 

First, the periodicity of the trapezoidal forms 
shown in Fig. 1 is explained. the method of the present 
invention for achieving accelerated heat-transfer is 
chiefly based on the heat-transfer promoting effect of 
uniform sucking and blowing of ^a fluid but at the same 
time# the effect of repeated approach zones due to the 
cyclic changes in the width of the fluid channel are also 
significant. In other words, the length e rather than the 
periodicity of trapezoidal forms would cause a predominant 
effect. Based on this understanding, the present 
inventors formulated the results of their heat-transfer 
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experiments in terms of ^/L, the ratio of length e to the 
length L of heat-transfer surface. 

The results of an experiment conducted in air to 
investigate the relationship between the value of ^/l and 
the relative promotion of heat-transfer are shown in the 
characteristic diagram of Pig. 2, in which the y-axis 
represents the relative promotion of heat-transfer and the 
X-axis the value of ^/l , with the Reynolds number Re 
being taken as a parameter. 

In Pig. 2, Re (basically representing the 
magnitude of fluid velocity) is given by: 



(A^ + Aj) X fluid velocity as defined in terms of 

Re = 2 

dynamic viscosity coe£Bdent of air 

The relative promotion of heat-transfer, taken 
against the case of parallel plates in which the heat- 
transfer unit consists of a plurality of parallel plane 
plates are arranged together, is given by: 

RelaUve promotion of heat- transfer = ^^^^ge Nua olt number for the case of interest 

average Nusselt number for parallel plates 

The average Nusselt number Nu is a dimensionless number 
that represents heat-transfer rate and is given by: 
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(A. + A J 

2X (average heat —transfer rate) X 

Nu= ? 

thermal conductivity of air 

AS is clear from Pig. 2, the profile of the 
relative promotion of heat-transfer vs ^/L is curved 
upward and in the range of ^/L < 0.3, the heat-transfer 
rate of the system of the present invention is at least 
twice the value for the parallel plates. This 
characteristic is substantially independent of the 
Reynolds number Re, as well as of other shape parameters 
although not shown in Fig. 2. Therefore, for the purposes 
of the present invention, £/L is suitably at 0.3 and 
below. 

The following are the dimensional ranges desired 
for other shape parameters. 

diameter of through-^hole (13): 0.5 - 6 mm 

relative opening of through-hole (13) (area of 
through-holes relative to the area of an 
individual heat^-transf er element: 0.05 - 0.40 
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ratio m cr„3-se=tio«l ar.a o£ fluid pass.,. 
(52) to adjacent passage ,51, = „o „or. than 0.5 

aver.9. distance between heat-transt.r .l.„.„t<l,= 
1 - 2 n>» (for smau-3i„ unit such as one used for 

residential air-eonditioning) 
S - 10 mn (for mediua-size unit). 

The reason for the conclusion stated above with 

reference to Fia. 2 is i-h^h 

ig. i IS that as already mentioned, when the 

nuid flow, from the lar,.r portion of it, passage to the 
s-aller portion, the distribution of fluid velocity win 
become uniform at the entrance of the s„.iier portion and 
a temperature boundary lay., will restart to develop at 
that point „ ,o.„iied repetition effect of approach 
«nes). A. a result, th. shorter the length of that 
portion ,i.., the greater th. effect for th. promotion 
of h.at-truisfar. 

H0«».c, adjustment of / should b. made with care, 
" it 1. too ««li, no uniform v.locity distribution is 
attained at th. .ntr.nc. of th. «i«li.r portion of a fluid 
P.«.,. .nd th. r.l.tiv. promotion of h..t-tr.nster that 
can b. .chl.v.d i. decreased rath.t than increased. i„ 
•Edition, for practical reason. for machining, 
approxlmat.ly 3 mm ia th. low.t limit of /. 
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For attaining an effective and desirable relative 
promotion of heat-transfer r ^/L is suitably no more than 
0.3 and in practical situationsr i is at least 2.5 mm, 
with the range of from 3 mm up to about 50 mm being 
desired. 

Fig. 3 is a partial cross-sectional view showing 
the construction of a heat exchanger device in which the 
heat-transfer unit (1) is thermally coupled to a second 
heat-transfer unit (2) having a temperature difference 
from the unit {!}• As shown, the second heat-transfer 
unit (2) which is in the form of a pipe penetrates the 
heat-transfer unit (1) and- is positioned normal to the 
direction of fluid flow A. A heat transfer medium flows 
through the second heat- transfer unit (2). In this case, 
too, observation set forth in the preceding paragraphs 
concerning the of the heat-transfer unit (1) will hold 

good. 

[SECOND EMBODIMENT] 

Fig. 4 is a cross-sectional view showing the 
geometry of a heat-transfer unit according to a second 
embodiment of the present invention. In the figure, (1) 
is a heat-transfer element that is provided with a 
plurality of through-holes (13) and which is cyclically 
bent in the form of generally trapezoidal waves. As in 
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the first embodime«, a plurality of such heat-transfer 
elements are placed side by side in such a manner that the 
bends in one element are out o« phase with those in a 
adjacent element by one half cycle so as to form a fluid 
P-sage ,5) between individual heat-transfer elements. 
The main stream of the fluid flows through this passage 
(5), with only a small portion of the fluid flowing 
through the holes (13) as a branch stream. 

As stated above, the heat-transfer unit is so 
constructed that the generally trapezoidal bends in one 
heat-trnsfer element (1, are out of phase with those in an 
adjacent heat-transfer element by one half cycle, with the 
result that alternating larger and smaller portions will 
form in the fluid passage in the direction of fluid flow. 
For the purpose of the following discussion, the width of 
the larger portion of the fluid passage is written as Ar, 
and that of the smaller portion of the same passage- as A„ 

with the ratio of Ai to Ai rA«/& \ k^- 

CO Ax (Aa/A^) being expressed as a 

(Aa/Ai will be hereinafter denoted by a) . 

AS explained in detail in the description of the 
prior invention, Aa/A, (= „ ^3 none other than a 
determinant of the cross-sectional area of fluid passages, 
such as (51) and (52) shown in Fig. 26 with reference to 
the prior art system. According to the present invention, 
heat-transfer is promoted by the following mechanism: a 
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difference is created between the static pressure in 
passage (51) and that in passage (52) to cause part of the 
fluid to flow through-holes (13) so that a thin boundary 
layer will form in the larger portion of the fluid passage 
(i.e., the portion of the fluid passage with a larger 
cross-sectional area), while the repetition effect of 
approach zones and the movement of fluid bodies will take 
place in the portion of the fluid passage with a smaller 
cross-sectional area. Because of these phenomena 
occurring in the larger and smaller portions of the fluid 
passage, promotion of heat-transfer is accomplished. 
Therefore^ it can be concluded that a which determines the 
ratio of the cross-sectional area of the smaller portion 
of the fluid passage to that of the larger portion, or the 
ratio of the velocity of fluid flowing in the smaller 
portion to that of fluid flowing in the larger portion, is 
the most important factor for determination of heat- 
transfer characteristics. 

In factr a - 1 means simple perforated parallel 
plates (i.e», a plurality of parallel plates placed side 
by side) which, as shown in connection with the prior 
invention/ basically have no heat-transfer promoting 
effect. On the other hand, o = 0 means that one of the 
two portions of the fluid passage is closed and it is 
clearly evident that no heat-transfer promoting effect can 
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be anticipated in this case. Therefore, determining an 
effective value of a is of extrerae importance for 
practical design purposes. 

The results of an experiment conducted in air to 
investigate the relationship between the value of a and 
the relative promotion of heat-transfer are shown in the 
characteristic diagram of Pig. 5, in which the y>axis 
represents the relative promotion of heat-transfer and the 
oc-axis the value of a, with the Reynolds number Re being 
taken as a parameter. 

In Pig. 5, Re (basically representing the 
magnitude of fluid velocity) and the relative promotion of 
heat-transfer are defined as in the first embodiment, and 
the average Nusselt Number Nu is a dimensionless number 
that represents heat-transfer rate and is given ±>y: 

(A + A ) 

2 X (average heat-trander rate) X — -■ ^ 

Nu= — ■ 2 

heat- transfer rate of air 

As is Clear from Pig. 5, at any value of o that is 
smaller than 0.5, the heat-transfer rate of the system of 
the present invention, is generally at least twice the 
value for the parallel plates. This characteristic is 
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independent of the Reynolds number Re, as well as of other 
shape parameters although not shown in Pig. 5. 

The following are the dimensional ranges desired 
for other shape parameters. 

diameter of through-holes (13): 0.05 - 6 mm 

relative opening of through-holes (13) 

(area of through-holes relative to the area of 

heat-transfer surface): 0.05 - 0,40 

^/L: no more than 0.3 > 2.5 mm) 

where e signifies the projected length of heat-transfer 
element (1) which is in the area corresponding to one half 
cycle of a series of trapezoidal bends, the projection 
being made norxaal to the direction of fluid path, and L is 
the overall length of the heat-transfer element. 

The reason for the conclusion stated above in 
connection with Pig. 5 is that as already mentioned, if a 
is great, no effective difference in fluid velocity will 
be produced between adjacent fluid passages, nor can be 
attained an effective repetition effect of approach zones. 

Therefore, it can be seen from Fig. 5 that in 
order to attain an effective relative promotion of heat- 
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transfer in an area of single-phase convection with low Re 
values, o should be desirably smaller than 0.5. As the 
value of o decreases, the resistance of fluid passage to 
fluid flow increases, so that for practical purposes, a is 
desirably no smaller than 0.1. The average spacing 
between adjacent heat-transfer elements (1) is suitably 1 
- 2 mm (for small-size unit such as one used for 
residential air-conditioning) and 6 - 10 mm (for medium- 
size unit) . 

m the second embodiment, too, the heat- transfer 
unit (1) may be thermally coupled, as shown in Pig. 3, to 
a second heat-transfer unit (2) having a temperature 
difference from the unit (l) and in this case, the 
observation set forth above in connection with the a of 
the heat-transfer unit (1) will also hold good. 

[THIRD EMBODIMENT] 

Pig. 6 is a longitudinal section of a heat- 
transfer unit according to a third embodiment of the 
present invention, with the dimensions of the heat- 
transfer unit being indicated more specifically than in 
the previous embodiments. The other aspects of the 
construction of this heat-transfer unit are the same as 
shown in Figs. 25 and 26. 
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A heat-transfer element (1) is provided with a 
plurality of through-holes (13) and cyclically bent in the 
form of generally trapezoidal waves. A plurality of such 
heat-transfer elements are placed side by side in such a 
manner that the bends in one element are out of. phase with 
those in an adjacent element by one half cycle. For the 
purpose of the following discussion, the projected length 
of the heat-transfer surface of the heat-transfer element 
(1) which is in the area corresponding to one half cycle 
of a series of generally trapezoidal bends formed in the 
direction of fluid flow is written as and the overall 
length of the heat-transfer element as The symbol d 

signifies the size (diameter) of each of the through-holes 
(13) formed in the heat-transfer element (1). The 
relative opening of the through-holes (13) , or the 
proportion of the heat-transfer element (1) taken by the 
opening of the holes, is written as B although not shown, 
the angle by which the oblique side of each trapezoidal 
bend is inclined with respect to the direction of fluid 
flow is written as 6. 

As states above, the heat-transfer unit is so 
constructed that the generally trapezoidal bends in one 
heat-transfer element (1) are out of phase with those in 
an adjacent heat*transf er element by one half cycle, with 
the result that alternating larger and smaller portions 
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will form in the fluid passage in the direction of fluid 
flow. For the purpose. Of the following discussion, the 
width Of the larger portion of the fluid passage is 
written as A., and that of the smaller portion of the san.e 
passage as A^, with the ratio of A. to Ax (A./A.) being 
expressed as a although not shown in Pig. &. 

In the embodiment shown in Fig. 6, Ai = 3 mm, Aj = 
9 mm, ^ = IS nun, L = lOO mm, and B = 12.5 %. 

The outside diameter, d, of each of the through- 
holes (13) shown in Fig. 6 is explained hereinafter. The 
method of promoting heat-transfer in the heat-transfer 
unit Of the present invention is largely based on the 
heat-transfer promoting effect of the static pressure 
difference that is created between adjacent fluid passages 
to have part of the fluid flow across a heat-transf er 
element through-holes (13), and the size, d, of each 
through-hole (13) would have a strong effect on the 
characteristics of heat-transfer promotion. 

Therefore, the present inventors investigated the 
relationship between the value of hole diameter, d, and 
the relative promotion of heat-transfer by experimentation 
in air. The results of the experiment are shown in Fig. 
7. 

In Pig. 7, the parameter Re is given by: 
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A -f A 

(A^ + Ap X [fluid velocity as defined in terms of -] 

Re= 1 

dynamic viscosity coelEdent of air 



The y-axis in iFig. 8 represents the relative promotion of 
heat-transfer, which is defined as: 

ru * r average Nusselt number for the case of interest 

Relative promotion of heat— transfer = — — 

average Nusselt number for parallel plates 

The average Nusselt number iJu is a dimensionless 
number that represents heat-transfer rate and is given by: 



2 X (average heat— transfer rate) X 



Nu = 



thermal conductivity of air 



The characteristic shown in Pig. 7 is 
substantially independent of Re (basically representing 
the magnitude of fluid velocity) , as well as of other 
shape parameters although not shown in Fig. 7. 

According to the experiment conducted by the 
present Inventors r characteristics similar to that shown 
in Fig. 7 were obtained when the relative opening of 
through-holes (13) was in the range of 0.05 - 0.3, e/h 0.3 
or below, and A2/A2 0.5 or below. 
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Acceding to Fig. ,, the profile of the relative 
promotion Of heat-transfer vs diameter, d, is curved 
upward ana in the range =f d . 0.3 - 6.0, the heat- 
transfer rate Of the system of the present invention is at 
ieast twice the value tor the parallel plates. 

This would be explained as follows: even if the 
relative opening of through-holes ,13, is constant, each 
heat-transfer element ,1, has a finite plate thickness as 
.hown in Fig. 6, and as the hole diameter, d, decreases, 
the resistance of through-holes ,13) to fluid flow 
increases to such an extent that given a constant static 
pressure difference between adjacent fluid paths, a 
smaller amount of fluid will flow through-holes ,3) to 
cause a corresponding decrease in the relative promotion 
of heat-transfer, on the other hand, if the hole 
diameter, d. Increases to a certain degree, the resistance 
to fluid flow of through-holes ,13, having a constant 
value of their relative opening will remain constant, but 
If the ,alue of, d. Increases progressively, the pitch or 
the spacing of adjacent through-hole, ,13, also increases 
and the concept of uniform fluid sucking described in 
connection with the prior art will no longer apply with a 
subsequent drop in the relative promotion of heat- 
transfer. For these two reasons, there would be an 
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appropriate value for the diameter, of an individual 

through-hole* 

In other words, it can be seen that for attaining 
an effective relative promotion of heat-transfer, the 
diameter of through-holes , d, should desirably be within 
the range of 0.5 - 6.0 mm. 

Even in the case of through-holes (13) which are 
not circular in cross section, it goes without saying that 
comparable results will be attained if the area of such 
non-circular holes is within the range of areas that have 
equivalent diameters within the above-specified range, 

[FOURTH EMBODIMENT] 

Fig. 8 is a partial cutaway view of a heat 
exchanger according to a fourth embodiment of the present 
invention which is a corrugated fin type heat exchanger 
commonly used as a radiator in such applications as 
automobiles* In Pig. 8, (1) is a first heat-transfer unit 
of the same type as used in the previous embodiments which 
consists of a plurality of heat-transfer elements each of 
which has more than one through-hole (13) and which are 
cyclically bent in a generally trapezoidal waveform in the 
direction of the flow of a secondary fluid A such as air, 
the bends in one heat-transfer element being out of phase 
with those in an adjacent heat-transfer element by one 
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half cycle, and (2) is a second heat-transfer unit that 
has a temperature difference from the first heat-transfer 
unit (1) and which is in the form of a water pipe through 
Which a primary fluid B such as engine cooling water 
flows. The first heat-transfer unit (1) is thermally 
coupled to the second heat-transfer unit (2) so that heat 
exchange will take place between the primary fluid b and 
the secondary fluid A. 

The present invention can also be applied to a 
plate fin type heat exchanger for use in air-conditioning, 
in this case, as shown in Pig. 3, a pipe serving as the 
second heat-transfer unit (2) passes through the first 
heat-transfer unit (1) of the same type as used in the 
previous embodiments and is positioned normal to the 
direction of the flow of fluid A. 

In the heat exchanger of the type shown In Pig. s, 
the second heat-transfer unit (2) through which the 
primary fluid B flows generally has good heat-exchanging 
characteristics because water is typically used as the 
primary fluid B, and it is the heat-transfer fins, or the 
first heat-transfer unit (1) through which the secondary 
fluid A such as air flows, that are desired to be improved 
in terms of heat-transfer characteristics. Heat 
exchangers having improved characteristics in this respect 
can be attained by employing an arrangement that is the 
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same as used in the previous embodiments of the present 
invention and in which the diameter of through-holes (13) 
is also selected at an appropriate value within the range 
of 0.5 - 6.0 mm. 

[FIFTH EMBODIMENT] 

A fifth embodiment of the present invention is 
hereunder described. This embodiment is characterized in 
that the relative opening, B/ of through-holes (13) shown 
in Fig. 6, or the proportion of the heat-transfer element 

(1) taken by the opening of these holes, is limited to be 
within the range of 0.05 - 0.3. The method of the present 
invention for achieving accelerated heat-transfer is 
largely based on the heat-transfer promoting effect of the 
static pressure difference that is created between 
adjacent fluid paths to have part of the fluid flow across 
a heat-transfer element through-holes (13) and, in this 
sense/ the relative opening B of through-holes (13) is a 
factor that directly governs the volume of fluid flow. 
Therefore, it is assumed that B will have a very great 
effect on the characteristics of heat-transfer promotion. 

The results of an experiment conducted in air to 
investigate the relationship between the value of B and 
the relative promotion of heat-transfer are shown in Fig. 
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In Fig. 9, the parameter Re is given by: 



Re = 



+ X Cnuid velocity as defined in terms of 



dynamic viscosity coe£Qcient of 



air 



and the results for Re = 400, 750 and 2,000 are depicted. 
The y-axis in Fig. 9 represents the relative promotion of 
heat-transfer with the loss of heat-transfer area due to 
through-holes being taken into account and is given by, 

Relative promotion of heat -transfer = ^^^"^^^ Nus selt number for the case of interest 

average Nusselt number for parallel plates 

X (1 - p) . 

The average Nusselt number kH is a dimensionless number 
that represents heat-transfer rate and is given by: 

• L (A, + AJ 

2 X (average heat- transfer rate) X — ■ t 

Nua • 2 

thermal conductivity of air 

The characteristics shown in Pig. 9 ig 
substantially independent of Re (basically representing 
the magnitude of fluid velocity), as well as of other 
shape parameters although not shown in Fig. 9. 
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According to Pig. 9, the profile of the relative 
promotion of heat-transfer vs relative opening S is curved 
upward and in the vicinity of S = 0.05 - 0*30, the heat- 
transfer rate of the system of the present invention is at 
least twice the value for the parallel plates / with a 
maximum being in the vicinity of 0.05 - 0.2. 

This would be explained as .follows. 

Although not shown in Fig. 9, if the relative 
promotion of heat-transfer is evaluated without taking 
into account the loss of heat-transfer area due to the 
presence of through-holes (13), it increases gradually as 
the relative opening/ Br and hence the volume • of fluid 
flow through-holes (13)/ increases. 

However, the increase in relative opening B ■ 
results in the decrease in heat-transfer area and 
evaluation of relative promotion of heat-transfer taking 
this loss of heat-transfer area into account provides the 
result shown in Fig. 9. 

The profile of relative promotion of heat-transfer 

shown in Fig. 9 is the one which is observed in practical 
< 

operations/ so it can be seen that for achieving effective 
relative promotion of heat-transfer/ the relative opening 
S is desirably within the range of 0.05 - 0.3, with the 
range of 0.05 - 0.2 being particularly desirable. 
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Needless to say, completely the c;^m« 

f cwexy cne same results will 

be attained, even t.e throu.h-.cles ,13, ^ve non- 

circular cross-sectional. for.s such as rectangles. 

. The following ar, the dimensional ranges desired 
tor other shape parameters. 

diameter, d, o£ through-hole (13). 0.5 - 6 mm 
e/-Li no more than 0.3 (t > 2.5 mm) 

Where , Signifies the projected length of heat-transfer 
element ,1, which is in the area corresponding to one half 
cycle of a series of trapezoidal bends, the projection 
being made normal to the direction of fluid path, and I. is 
the overall length of the heat-transfer element. 

ratio in cross-sectional area of the smaller 
portion of a fluid passage to the adjacent larger 
portion: no more than 0.5 

average distance between adjacent heat-transfer 
elements (1), (i). 

1 - 2 mm (for small-size unit) 
6 -10 ram (for medium-size unit). 
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[SIXTH EMBODIMENT] 

The following is the description of a sixth 
embodiment of the present invention in which the heat- 
transfer unit is constructed as a plate fin tube type heat 
exchanger • 

The general construction of a plate fin tube type 
heat exchanger is such that a plurality of heat-transfer 
pipes are passed through a plurality of plate fins placed 
side by side, the pipes being disposed perpendicular to 
the . fins and held in intimate contact therewith by such 
means as flared pipes. A - primary fluid such as cold 
water, warm water or coolant is caused to flow through the 
heat*transf er pipes and a secondary fluid such as air is 
passed between the fins so as to effect heat exchange 
between the two fluids* 

When an air stream flows between the fins, a 
hydrodynamic boundary layer is highly likely to develop 
along the fins. the temperature gradient in this boundary 
layer is extremely high and this means that the boundary 
layer portion presents a great heat resistance. The 
thickness of the boundary layer increases in the direction 
of the flow of secondary fluid and this causes a 
significant drop in the heat-transfer rate of the portion 
of the fins which is downstream in the direction of fluid 
flow. 



JSDOCID: <G3 222D2S9A I > 



29 



Therefore, the biggest problen, with the plate fin 
tube type heat exchanger is the low heat-transfer rate 
between streams of the secondary fluid (on the fin side), 
and in order to improve this heat-transfer rate, it is 
effective to prevent the formation and development of the 
boundary layer described above. 

Pig. 10 is a perspective view of a plate fin tube 
type heat exchanger according to a sixth embodiment of the 
present invention; Fig. li is a partially enlarged 
perspective view of Fig. lO; Fig. 12 is a plan view of 
one of the plate fins shown in Fig. 11 • and Fig. 13 is a 
cross section of Fig. 12 taken along the line Y - y. 

As shown in Figs. 10 and 11, the plate fin tube 
type heat exchanger is composed of a plurality of fin 
substrates (21) spaced parallel to each other, and a 
plurality of heat-transf er pipes (22) inserted into these 
fin substrates (21) normal thereto. An air stream flows 
between fin substrates (21) in the direction indicated by 
the arrow. The details of fin substrates (21) are shown 
in Figs. 9 to 11, with a plurality of holes (23) into 
Which the heat-transfer pipes are inserted being formed in 
each fin substrate (21) having an overall length L in the 
direction of fluid path. 

Fig. 14 shows the details of a partial cross 
section of a heat exchanger in which a plurality of the 




fin substrates (21) shown in Pigs. 12 and 13 are stacked 
one on top of another. Each of the fin substrates (21) is 
provided with a plurality of through-holes (13) and 
cyclically bent in the form of trapezoidal waves in the 
direction of air flow A indicated by the arrow. 

Each of the fin substrates (21) is joined to the 
heat-transfer pipe (22) by a fin collar portion (23), and 
the riser portion (24) of the fin collar portion (23) is 
situated on the center line (25) of a trapezoidal bend in 
the direction of its height^ with no through-hole (13) 
being present in the riser portion (24) of the fin collar. 
The numeral (26) denotes the shoulder of the trapezoidally 
bent fin substrate (21). The heat exchanger is 
constructed by stacking a plurality of fin substrates (21) 
one on top of another in such a manner that the bends in 
one fin are out of phase with those in an adjacent fin by 
one half cycle* 

In Pig. 13, the overall length of the fin 
substrate (21) in the direction .of air flow A is written 
as L, the length of one cycle of trapezoidal bends as ^i, 
the distance from an end of the fin substrate (21) to the 
shoulder (26) of the first occurring trapezoidal bend as 
the length of the flat portion (27) of a trapezoidal 
bend as ^3, the dimension of the shoulder (26) of the 
trapezoidal bend in the direction of air flow as ^4/ the 
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an,le of inclination of the shoulder as e, the dimension 
o£ the trapezoidal bend in the direction of its hei,ht a. 

the distance between the center lines ,2S) in - the 
direction of the height of the trapezoidal bends in 

adjacent fin substrates (21) as EP <-ho ^- ^ 

as EP, the distance between 

adjacent fin substrates ,21, m the larger portion ,35, of 
. fluid passage as H„ the distance between adjacent fin 
substrates ,21, i„ the smaller portion ,36, of the sa-ne 
fluid passage as H,. and the diameter of an individual 
through-hole (13) as d. 

The dl^nslon EP is equivalent to the height of 
the fin collar portion ,23). This is one of the features 
Of plat, fin tube type heat exchangers for use in air- 

conditioners to which 

wnich the present invention is to be 

applied, and the height of the fin collar portion ,23, 
will determine the dimension of EP, or fin pitch. 

The constitutional dimensions listed above are set 
-Ithin the following ranges: , . h,/h. - 0.15 - 0.45 ta is 
«pr..s.a a. or the ratio of h, which is the 

distance between adjacent fin substrates (1, i„ the 
smaller portion ,36, of a fluid passage to which is the 
distance between adjacent fin substrates ' ,21, in the 
larger portion ,35, of the same passage, and signifies the 
"tio of the cross-sectional area of the smaller portion 
(36, to that of the larger portion (35,), £P . 1.5 - 3.0 
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mm; B = 0.025 - 0.3 [B is the relative opening of 
through-holes (13)/ or the ratio of the total area of 
these through-holes to the area of the fin substrate (21) 
except for the portions where heat-transfer pipes (22) are 
inserted]; d=0. 5-3.0; as for ^3, or the dimension of 
the flat portion (27) of an individual trapezoidal bend, 
{L/NR)/C =2-6, (L/NR)/C expressing the number of 
trapezoidal bends repeated in one row of heat-transfer 
pipes that cross the air flow A at right angles and 
relating NR (the number of such rows) to L, or the overall 
length of the fin substrate (21) in the direction of air 
flow; and 6 = 45 - 65* • 

The action of mechanism of the plate fin tube type 
heat exchanger having the construction specified above is 
hereinafter explained. 

In Pig. 14, the fluid passage formed between fins 
(21a) and (21b) is a first passage and indicated by (31), 
and the passage formed between (lb) and (Ic) is a second 
passage and denoted by (32). If it is assumed that the 
same volume of air flows in the two passages (31) and (32) 
under the same total pressure, the velocity of the air 
flowing in the first passage (31) through a cross section 
taken along the line Z - Z normal to the direction of air 
flow A is smaller than the velocity of the air flowing in 
the second passage (32) through a smaller cross section 
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that is also taken along the line z - z r... 

L. Because of the 

resul.in, ai„e„n=e that occurs between the static 
pressure in the first passage ,31, an. that in th. secona 
passage ,3.,, a branch strea. ,3., 

^xrst passage ,31, into the second passage ,32, through- 
holes (13). 

AS a result, very thin boundary layers form on 
heat-transfer surfaces where unifor. fluid suc.in, occurs 
and this provides dramatic improvement in the promotion o£ 
heat-transfer. High heat-transfer performance is also 
-attained on surfaces of uniform fluid blo„i„, b.eause of 
the repetition effect of approach «nes. 

A further advantage of the system of the present 
invention is that because of the presence of trapezoidal 
^xns. fin substrates ,21, have increased strength and can 
be easily assembled into a heat exchanger. 

The following is the advantage that results „hen c 
(- H,/Hx, is set to be within the range of o.ls - o.« 
.ssu«ing that a which is «pr.ss,d a. B,/H„ or the ratil 
Of a. Which i. the distance between adjacent fins in the 
-aller portion ,36, of a fluid passage to H. which is the 
0«t.nce between adjacent fins in the larger portion ,35, 
Of the same passage, signifies the ratio of the cross- 
sectional area of the smaller portion ,36, to that of the 
larger portion (35) . 
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As already mentioned, in the system of the present 
invention, the larger portion (35) of a fluid passage 
cyclically alternates with the smaller portion (36) of the 
same passage between adjacent fins, so that very thin 
boundary layers will form on the flat portion (27) of the 
trapezoidal bend in the larger portion (35) of the fluid 
passage (i.e., the fluid-sucking surface) while in the 
flat portion of the trapezoidal bend in the smaller 
portion (36) of the same passage (i.e., the fluid-blowing 
surface), the repetition effect of approach zones 
materializes to provide a significant improvement in heat- 
transfer performance. 

It can be seen from Pig. 15 that if a - 0.15 - 
0.45, o/AP, or the ratio of outside-tube heat-transfer 
rate a to wind pressure loss AP, which is one of the 
important factors for characterization of the performance 
of a heat exchanger becomes the highest for the same wind 
velocity. This would be explained as follows: if o is 
small, the difference between . static pressure in the 
larger portion (35) of a fluid passage and that in the 
smaller portion (36) of the same passage increases to 
promote the heat-transfer on the fluid-sucking surface and 
hence, the outside-tube heat-transfer rate a, but at the 
same time, the resulting wind pressure loss is greater 
than the increase in a, thereby causing a decrease in 
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«/AP. This is ascribable to th^ T 

. . ^ °f fluid flow 

: :::: ^: ^"-"^ -^^^ - p-^^e 
; X : r """" " ^^^^ - 

cyclic Change in the wiath of the £luia passage. 

" is large, the above-mentioned „i„d pressure 

:r r "---^ - -t-Ln 

e =t on the «„ia-s„o.ing s„..ace. „hich is gene.aii. 
«^«rea to as the h.eathing e«e=t, cannot he .uXX 
utiii„a to p„.iae i.p„vea heat-t.a„a.e. pe..o.^nce. 

'"""-"^ the advantage that results when 

£P IS set to be within 

oe witnm the range of .1.5 ^ 3 □ pn k • 

between the center lines ,.s. in the direction o. the 
h..,ht of the trapezoidal bends ^n adjacent fins. 

A3 already mentioned, in the .y,te™ of the present 
"ventlon, th. larger portion ,3S, of a fluid passage 
cyclically alternates with the smaller portion <3., of the 
s». passage between adjacent fins, so that very thin 
oundary layer, win 

passag, (i.e., ixuid-sucKin, surface, while in the flat 

portion Of the trapezoidal bend in th. 

" the smaller portion 
<36 Of the same passage ,i.e,, fluid-blowing 

surface,, the repetition effect of approach .ones 

naterializes to provide a significant improvement in heat- 
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transfer performance. It can be seen from Pig. 16 that if 
EP=1.5-3«0mm for a constant value of u, a/AP, or the 
ratio of outside-tube heat-transfer rate a to wind 
pressure loss LP, which is one of the important factors 
for characterization of the performance of a heat 
exchanger becomes the highest for the same wind velocity. 

If the fin pitch (EP) is decreased with a being 
held constant f H2/ or the distance between fins in the 
smaller portion (36) of a fluid passage, becomes so small 
as to cause a sudden increase in the loss of fluid flow 
with the eventual result that a/AP (the ratio of outside- 
tube heat-transfer rate to wind pressure loss) is reduced. 
An additional problem with this case where H2 is very 
small is that the trouble of one fin sticking to another 
is highly likely to occur when fin substrates are 
assembled into a heat exchanger. 

If the fin pitch (SP) is increased with a being 
held constantr the proportion of the main stream of air 
flowing between fins taken by the branch stream (34) of 
air flowing through-holes (13) is decreased, with the 
result that the amount of improvement in heat-transf er 
performance due to the breathing effect (viz., thin 
boundary layers form on the fluid-sucking surfaces) is 
reduced. 
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The following is the advantage that results when B 
= 0.025 - 0.3, B being the relative opening of through- 
holes (13), or the ratio of the total area of these 
through-holes to the area of the fin substrate (21) except 
-for the portions where heat-transfer pipes (22) are 
inserted (the latter area being hatched in Pig. 17). 

With the wind velocity being the same, the 
outside-tube heat-transfer rate a, which is one of the 
important factors for characterization of the performance 
of a heat exchanger, and the wind pressure loss LP vary as 
depicted in Fig. 18. 

In other words, o/AP, or the ratio of outside-tube 
heat-transfer rate to wind pressure loss, varies as shown 
in Pig. 19 and a maximum value of o/AP is achieved in the 
range of S = 0.025 - 0.3. 

This is explained as follows: when B is small, 
the amount of the branch stream (34) of air passing 
through-holes (13) in the fluid-sucking surface is 
reduced, thereby causing a .drop in heat-transfer 
performance; i*hen B is large, the total area of the 
through-holes (13) is increased to reduce the fin 
efficiency and hence the heat-transfer promoting effect. 
Furthermore, the fin strength decreases if 0 is large. 

If the outside diameter of through-holes (13) is 
set to be within the range of d = 0.5 - 3.0 mm, it can be 
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seen from Pig. 20 that this is the range where a/AP, or 
the ratio of outside-tube heat-transfer rate a to wind 
pressure loss APr which is one of the important factors 
for characterization of the performance of a heat 
exchanger becomes the highest for the same wind velocity. 

This is explained as follows: if the hole 
diameter d is small , the resistance coefficient of the 
fluid-sucking surface is increased while the amount of 
branch stream (34) is decreased so as to cause a drop in 
heat-transfer performance; if the hole diameter is within 
the range of d = 0,5 - 3.0 r a/AP will not vary greatly but 
if d is more than 3.0 mm, the fin efficiency and hence the 
heat-transfer performance is decreased. The machined 
surface has a constant value of the relative opening Br 
and if the hole diameter d is decreased/ the size of a 
press for making through-holes (13) is increased while the 
fin strength is decreased if the hole diameter d is 
increased* 

The following is the advantage that results when 
(L » NR)/A is set to be within the range of 2 - 6, 
-assuming that (L = NR)/A which expresses the number of 
trapezoidal bends repeated in one row of heat-transfer 
pipes that cross the direction of air flow at right 
angles, correlates ^3 (the length of the flat portion of a 
trapezoidal bend) and NR (the number of the rows of 
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trapezoidal bends) to L (the overall length of the fin 
substrate (21) in the direction of air flow). 

If the number of trapezoidal bends repeated in -one 
row of heat-transfer pipes is set to be within the range 
of (L/NR)/A = 2 - 6, it can be seen from Pig. 21 that this 
is the range where o/AP, or the ratio of outside-tube 
heat-transfer rate a to wind pressure loss AP, which is 
one of the important factors for characterization of the 
performance of a heat exchanger becomes the highest for 
the same wind velocity. 

This is explained as follows: if ^3 or the length 
of the flat portion of a trapezoidal bend is decreased 
with L or the overall length of the fin in the direction 
of air flow being held constant, the number of the 
alternating larger and smaller portions of a fluid passage 
is increased so as to provide improved heat-transfer 
performance by the combination of the sucking effect on 
the fluid-sucking surface and the repetition effect (of 
approach zones) but at the same, time, the resulting wind 
pressure loss is greater than the increase in a, thereby 
causing a decrease in o/AP. This increase in wind 
pressure loss is ascribable more to the loss of fluid flow 
produced by a shorter cycle for renewing the approach 
zones than to the increase in shape resistance resulting 
from the cyclic change in the width of the fluid passage. 
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If the length (^3) of the flat portion of a 
trapezoidal bend is increased with L (the overall length 
of the fin in the direction of air flow) being held 
constant, the number of the alternating larger and smaller 
portions of a fluid passage is decreased to provide 
reduced heat- transfer performance. 

The following is the advantage that results when 
the angle of inclination formed between the shoulder (26) 
of a trapezoidal bend and the fin substrate (21) is set to 
be within the range of 25^ - 60®. 

If 6 is in the range of 45® - 65®, it can be seen 
from Fig. 22 that this is the range where a/AP, or the 
ratio of outside-tube heat-transfer rate a to wind 
pressure loss AP, which is one of the important factors 
for characterization of the performance of a heat 
exchanger becomes the highest for the same wind velocity. 

This is explained as follows: if the angle 9 is 
small, the dimension E of a trapezoidal bend taken in the 
direction of its height becomes smaller than the thickness 
of a temperature boundary layer formed in the direction of 
incidence of an air stream, and the repetition effect (of 
approach zones) will not be fully utilized to ensure 
improved heat-transfer characteristics; if the angle 8 is 
large, the heat-transfer performance will not .be greatly 
improved and instead the wind pressure loss will increase 
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to cause a drop in the characteristics of the system as a 
heat exchanger. Another problem associated with the large 
value of e is that it impairs structural integrity by 
increasing the chance of the formation of defective fins 
during their molding. 

The following is the advantage that results when 
through-holes (13) are located in the shoulder (26) of a 
trapezoidal bend as shown in Fig. 23. 

The through-holes (13) formed in the shoulder (26) 
of a trapezoidal bend chiefly govern the loss of fluid 
flow whereas the through-holes (13) in the flat portion 
(27) of the trapezoidal bend serve to improve heat- 
transf»r performance. Therefore, if through-holes (13) 
are located in the shoulder (26) of the trapezoidal bend, 
there will be no substantial change in heat-transfer 
performance for the same value of relative opening and 
instead, the wind pressure loss will be decreased to 
achieve a consequential improvement in a/AP, or the ratio 
of outside-tube heat-transfer rate to wind pressure loss. 
The reason for this decrease in the loss of fluid flow is 
that air flows into the larger portion of a fluid passage 
on the downstream side through such holes (13) in the 
shoulder (26) of the trapezoidal bend so as to decrease 
the fluid velocity in the smaller portion of the same 
passage. 
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It should be noted that the fin substrate (21) and 
the heat-transfer pipe (22) described in connection with 
the sixth embodiment correspond to the heat-transfer unit 
(1) and the second heat-transfer unit (2), respectively r 
in the first to fifth embodiments of the present 
invention. 

[ADVANTAGES OP THE INVENTION] 

As described in the foregoing, according to the 
present invention, a plurality of heat-transfer elements 
each having more than one through-hole and which are 
cyclically bent in a generally trapezoidal waveform in the 
direction of a fluid are placed side by side in such a 
manner that the bends in one heatrtransf er element will be 
out of phase with those in an adjacent heat-transfer 
element and that the main stream of said fluid will not 
flow through the holes in each of said heat-transfer 
elements but through the passage formed by adjacent heat- 
transfer elements. This arrangement is effective in 
providing improved heat-transfer characteristics. 
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Claims 

1. A heat exchanger comprising a plurality of heat- 
transfer elements positioned in a spaced side-by-side 
relationship and defining therebetween passages in which 
fluid flows in use, each element having therein a 
plurality of through holes and each element being 
cyclically bent in a trapezoidal waveform, the 
corrugations of each element extending in a direction 
perpendicular to the intended direction of fluid flow in 
said passages and adjacent elements being arranged with 
their corrugations out of phase by one half cycle, so 
that the passages defined between the elements have, in 
the direction of fluid flow, adjacent wide and narrow 
portions whereby in use the main stream of fluid flows in 
said passages and mot through said holes, the value of 
C\L being no more than 0.3, t being the projected length 
of a heat-transfer element in the area corresponding to 
one half cycle of a series of trapezoidal bends, the 
projection being made normal to the direction of the 
fluid path, and L being the length of each heat-transfer 
element . 

2. A heat exchanger as claimed in claim 2 wherein C 
is at least 2.5 mm. 

3. A heat exchanger as claimed in claim 1 or claim 2 
wherein the diameter, d, of each- of the through-holes is 
within the range of 0.5 - 6.0 mm. 

4. A heat exchanger as claimed in any one of claims 1 
to 3 wherein the relative opening, of through-holes Is 
within the range of 0.05 - 0.3. 

5 . A heat exchanger as claimed in any of the claims 1 
to 4 wherein each of the trapezoidal bends in ah 
individual heat-transfer element is such that the 
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inclined sides thereof make an angle, 9, of 25° - 65° ^I/ith 
respect to the direction of fluid flow. ^^'Sr^ ^v-"*^' 

6". A heat exchanger as claimed in any one of claims 1 

to 5 wherein some of the through-holes are located in the 
inclined side portions of the heat-transfer elements. 



7. A heat exchanger as claimed in any one of claims 1 

to 5 wherein each of said heat-transfer elements is 
thermally coupled to a second heat-transfer element 
having a temperature difference from said first heat- 
transfer elements. 



8. A heat exchanger as claimed in claim 7 wherein 
said second heat-transfer element passes through the 
stack of said first heat-transfer elements and is 
positioned normal to the direction of the flow of the 
fluid flowing along said first heat-transfer elements. 

9. A heat exchanger as claimed in claim 7 or claim 8 
wherein said second heat-transfer element is a pipe 
through which a second fluid flows. 
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